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Abstract 
In structural engineering, is very often needed to monitor the tension in the structures by various reconstructions. 
Measurement of strain is used by the analysis of additional load effects on structures that were not designed. Particularly 
challenging is the task in the field, where the measuring system is exposed to extreme conditions that are vastly different 
compared to the laboratory. To achieve relevant results the right choice of sensors should be done, but also of quality of the 
design applications. Transit gas pipe-lines (TP) pass through different topography, in many cases the areas are endangered 
by landslides. Most endangered sites in Slovakia are Slanec and Kamenné Kosihy in which the stress measurements have 
been realized for several years. Movement of the area is monitored by inclinometer. Expected increases of stress level in 
lines can also be obtained from the complex theoretical finite element model of slope landslides. These models have great 
software and hardware requirements, therefore, difficult to use in industrial practice. Parametric study was prepared, which 
makes it possible to easily determine values of additional stress in different lengths and values of landslides from the 
graphs. Functionality of models and results of Graph methods have been validated by experimental tests in scale of 1:1. 
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1. Introduction 
This paper presents theoretical and experimental research of  buried gas pipelines.  The article compared the 
results measured in the field experiment and theoretical results of experiments show good agreement. 
2. Experiment 
The aim of experiments, conducted in mid-2009 was to verify the theoretical assumptions and 
computational models simulating landslides acting on a pipeline. Three types of experiments were realized: 
 
- Longitudinal slide 
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- Lateral slide 
 
Experimental work took place at the Nitra River Bridge, where the transition first above-ground and 2 line 
transit pipeline was being torn down. As pipe material, 1220/22mm X60 (yield strength of 415MPa) was used, 
together with reinforced concrete anchor block footprints 8m x 8m with a height of 3m. In front of the block, 
concrete around a steel sleeve was located. Shift resistance of the anchor block is 4000kN. 
2.1. Simulation of  longitudinal landslides 
For the simulation of longitudinal slide a part of the pipe 12.9 m long was used, located at the anchorage 
block, oriented towards the field. Covering of the pipe with soil on both ends of the test segment was 1100 mm. 
The pipe was insulated by wrapped asphalt coating, which unstuck in some places. 
Next to the anchor block, there was a 600 mm section of pipe cut to make it possible to insert a pair of 
hydraulic presses. The pipe was placed in an intact soil block 5m long, both its ends accessible from the 
trenches. (Fig. 1) 
 
 
 
 
Fig. 1 Ground plan of the experiment simulating axial slide   Fig. 2 Corrupted soil block 
 
The pipe was forced in the axial direction by a pair of hydraulic presses. The shift was followed by the track 
sensor mounted on top of the pipe. Maximum constant power of 100 kN was required in order to move the 
pipe.  
 
During the experiment, the excavation, towards which the pipe was forced, cracks began to appear at the 
side of soil block. After finishing the experiment and removal of the presses, pipe was moved about 80 mm and 
cracks remained open. They led from the natural surface of the body around the outside of the pipe at a distance 
from 800 to 1200 mm, which is about the value of the pipe’s dimension lines (Fig. 2). The resulting surface 
resistance of the depressurized pipeline against the axial shift for the Nitra location in dry soil is 3.8 kN/m2 
2.2. Simulation of  lateral landslide 
In this experiment, part of the pipe from anchor block towards the bridge with length of about 40m was 
used. Place of loading presses and strain gages was about 15 meters in the trench from the block towards the 
bridge (Fig. 3). Hydraulic presses have been laid on the road panels and were recumbent to the soil via 
vertically placed concrete panel through system of steel struts and washers. Local stress effects of concentrated 
loads from presses were minimized by bearing profile from steel sheet piling. The loads acted as linear ones to 
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the length of 2 m. Excavation with vertical walls with length of 21 meters, into which the pipe was forced, was 
located approximately 2.3 m - 1.9 m from the outer surface of the pipe. The bottom of this excavation was 
situated below the lower edge of the pipe. 
 
 Foil stress gauges FY-6 involved in “half bridge” with compensation stress gauges were stuck to the inside 
of the pipe in seven sections I - VII. Stress gages have been placed mainly on the side walls of the pipe, so the 
increase of tension caused by bending moment was captured. 
 
The simulation of lateral landslide took place in five load steps during two days. Four were held in wet soil.  
On 10.7.2009, four series of load steps were performed. Soil was soaked and muddy after a rainy day. The 
outside temperature was about 17degrees. 
 
By the second loading step the pipe was pushed by force around 210 kN, and its maximum displacement 
was 9.2 mm.  
 
Additional tensile stress in steel pipe amounted to 2.5 MPa. In section IV pressure created stress with the 
value 7 MPa. 
 
The maximal shift of the pipe was 25 mm. This value is burdened with error of displacement (retraction) of 
the retaining panels. In place of loading the pipe by presses with a maximum value of the force 348kN, tension 
increased to maximum value of about 7.5 MPa. In the place of transition to the concrete anchor block these 
stresss were in range from 2.5 MPa to 0.5 MPa. In the axis of the pipe, at the surface of covering soil a crack 
with the same width as the shift of the pipe appeared. Soil block collapsed after a while and a slipped surface 
was revealed, which separated the interacting from non-interacting (Fig. 4). 
 
 
 
Fig. 3 Ground plan of the experiment simulation lateral slide            Fig. 4 Corrupted soil block 
 
2.3. Evaluation of experiment 
Experiments have verified the size of earth blocks, which interact with the pipeline in the longitudinal and 
lateral landslide. The longitudinal slide was influenced by soil to a distance approximately equal to the 
diameter of pipe. At a lateral slide crack stretching from the surface of the pipe to natural terrain, it split the 
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block into an interacting and a non-interacting part. It was further verified by the distribution of stress in the 
short landslides with little value. Experiments confirmed that during landslides the 50 m pipe acts as a beam 
fixed on both sides.  
3. Computational models for a different top-off pipe 
All the models presented in this work were created in a program that operates on the principle of the finite 
element method (FEM). Method FEM is a numerical method that converges to the exact solution. 
3.1. Landslide acts perpendicular to the axis of the pipe 
This section analyses the influence of slide in a perpendicular direction to the axis of the pipe. Modeled soil 
block was 1m thick and pipe was with DN 1200 with the wall thickness of 18.9 mm. In the pipe internal gas 
pressure of 6.5 MPa was simulated. Three classes of soil were analysed. In the first model, the surrounding soil 
is homogeneous, F3 class with modulus 12 MPa with a specific gravity weight of 18 kN / m3. The second 
model is taken to gravel grade G3 modulus of 70 MPa. The estimated value of the landslide is 0.1 m. The 
resulting deformation and stress from its own weight for soil class F3 are shown in Fig. 8 and 9. Based on the 
obtained results we may conclude that the shapes and values of deformation are very similar in all the classes 
of soil. So, for the analysis of pipe in all kinds of soils we can use the same loading scheme, only the value of 
the soil’s own weight will vary. The pipe is affected by the soil at the distance of about three meters from the 
outer pipe face, 1m below the pipe, and the full amount of covering. Overall, this affected area has the 
dimension of 13.4 m2. 
 
 
Fig. 5 Deformations from the lateral slide in soil of F3 class [m]                  Fig. 6 Stress on the pipe [kPa] 
3.2. Piping in the slide of real dimensions – lateral slide 
In this section, various directions of landslides acting to the pipe are modeled. Size of soil blocks was 
chosen on the basis of theoretical analysis in the previous section. The edge of the soil surface from pressed 
pipe side is 3m,1 meter from free side and under the pipe there is 1 meter of soil. Coverage layer in all the 
models has thickness of 0.8 m. 
A section of pipe of length of 120 m was modeled. The middle part of length 100 meters lies in the lateral 
landslide with the value of 800 mm. Pipeline is anchored in the natural soil block 10 m long. The pipe has a 
diameter of 1,200 mm and its wall thickness is 18.9 mm. During the modeling, symmetry in the middle of the 
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landslide was used. The pipe and the soil are connected with contact elements, so the pipe can be separated 
from the soil block. Load is specified as area, on one side of the soil block. Figure 8 shows that the maximum 
increase of tension on the pipe is at the joint from stable soil into the landslide. Increment is approximately 299 
MPa. In the middle of the landslide the stress amounts to about 133 MPa. 
 
 
 
 
 
Fig. 7 Global deformation of soil blocks and pipeline [m]                    Fig. 8 Stress on the pipe by slide of length 100 m [kPa] 
 
4. Parametric study on the impact landslides to piping 
Landslides acting on pipeline were modeled with values 25m, 30m, 40m, 50m, 75m, 100m, 125 m, 150 m, 
175 m, 200 m, 225 m, 250 m, 275 m and 300m. Individual models were loaded with different loads, which 
caused slide on the pipe. Modeled profiles of the pipelines were 13.5/1220, 15.9/1220, 18.9/1220, 21.9/1220, 
15.6/1420, 18.6/1420 and 21.9/1420.  
 
This section presents the results of studies on pipe DN 1220/15.9. The dependence of stress level variation 
to the variation in the length of a landslide with the length of 100 m is presented. (Fig. 9 and Fig. 10)  
From the results in the Figure 10 we see a linear relationship between the value of the landslide and the 
increments of stresses at the edges and centre of the slide. On the basis of this chart we can easily state that the 
stress level increases in the pipeline during the drift, whose length and value we can roughly determine by the 
visual method as well as on the ground. 
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Fig. 9 Stress on the pipe (MPa)                                                                                  Fig. 10 Stress on the pipe (MPa) 
 
Conclusion  
 
The aim of the parametric study called "The calculation of additional stresses in critical areas of pipelines in 
landslide areas of the transit pipeline. The designation of the maximum possible additional stresses and stress 
after operating conditions" was to determine the maximum values and additional stresses in high-risk areas 
with potential natural landslides, so that it does not compromise operational safety and reliability of the transit 
pipeline. Given that landslides are not expected suddenly and without initial symptoms progressed according to 
STN 73 1401 Design of steel structures – 1st Limit state. In the paper is presented the procedure how to 
calculate the values of additional stresses at the landslides in a different lengths of pipes and profiles. 
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